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CONVERSION FACTORS

English to Metric System (SI) of Measurement

English unit

inches (in)or(")

feet {ft)or{*)

miles (mi)

square inches (fn2)

square feet (ftzl
acres

gélTons {gal)

-cubic feet (fta)

cubic yards (yds)

cubic feet per
second (ftafs)

gallons peér
minute {gal/min)

pounds (1b}

. miles per hour {mph)

feet per second {fps)

feet per second
squared (ft/sz)

acceleration due to
force of gravity (G)

pounds per cubic
(1b/7t3)
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British thermal
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inch-pounds éft-1bs)
foot-pounds {ft-1bs)

pounds per square
inch (psi)
pounds per square
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kips per square
inch square root
inch {ksi /In)
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inch square root
inch {psi ¥Tn)
degrees (°)

degrees
fahrenheit (F)
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25.40
.02540

L3048
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6.432 x 1074

.09290
4047
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02832
.7646

28.317
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4536

.4470
.3048

.3048

9.807
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4448
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3
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1itres per second (i/s
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metres per second im/s
metres per second (m/s

metres per second
squared (m/sz)

metres per second

squared (m/sz)

kilograms per cubic
metre (kg/ma)

newtons {N}
newtons (N
Joules (J)

Joules {J)
Joules (J}

newton-metres {Nm;
newton-metres (Nm
pascals (Pa)

pascals {Pa)

mega pascals “metre (MPa v/m)

kito pascals Ymetre {KPa /m)
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1. INTRODUCTION

This report documents the investigation of a mitigation measure
for reducing the amoﬁnt of sandy sediment in Little Grass Valley
Creek, a tributary of the Trinity River.

A cooperative égreément mas executed in 1978 among Caltrans
District 02, the California Department of Water Resources, and the
California Department of Fish and Game. Sediment basins, also knoun
as debris basins, were constructed in spring, 1978 as part of the
Trinity River Fishery rehabilitation program.

-Sédiment basins wWere formed by installing slotted risers on the
inlets of existing highway culverts. The culverts were 24 and 36
inch diameter corrugated steel pipes. The surrounding areas were
regraded to.dr;in to the risers. The basins are locéted along State
Route 299 in Trinity County, approximately 50 miles northuwest of
Redding, California. See Figure 1.

The Transportation Laboratory (Translab) originally measured the
volumes and grain sizes of sediment in seven of the basin; from 1978
to 1980 11)]. The results of the stud& are incorporated in this
report.

The purpose of this study was to reevaluate the basins four years
after construction. Field observations were made during the 1982-83
winter. The volumes and grain sizes of the sediment retained in the
basins were measured as was done from 1978 through 1980.
Additionally, the hydraulic operating characteristics of the basins
and the g}ain sizes of sediment that passed through the slotted

risers during storms were studied.
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Data wWere collected mandally. Interbasin comparisons uere
quélitative due to differences in rainfall, basin geometry,
drainage area, and sizes and configurations of the slots in the
risers.

- This report presents the volumes and'grain 5izes of sediment
retained in the basins, the hydraulic operating characteristics of
the basins, and the grain sizes of sediment that passed through the
slotted risers during storms. The Appendix contains a photographic
lﬁg of the basins from 1979 through 1983. 1In addition, cﬁrrent
literature and plans used by Caltrans for designing sédiment basins

are in the Appendix.
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" 2. CONCLUSIONS

'The sediment basins, formed by installing slotted risers on
inlets of existing highway culverts, were effective for trapping
much of the sediment entering them.

Particles of sediment smaller than the slots interlocked to form
a bridged netﬁurk, which performed like a filter. MWater seeped
through voids in the filter and passed through the slots.

The bridged network of sediment was dislodged, however, when
runoff flowed directly to the riser. Consequently, sedimentlas
large as the smallest dimension of the slot passed through the
culvert,

Slotted risers allowed rapid drainage of the basins. The
sediment retained in the basins was very porous and drained easily.

The sediment wWwas decomposed granite of the Shasta Bally
Batholith. Sediment retained in the basins was mostly well graded,
gravelly sand. Gravel larger than 3/4-inch was not found in the
basins.

Sources of sediment were roadway cut slopes and logged areas
north of Route 299,

As sediment deposited near the slotted risers, a fan developed.
The low spot of the basin migrated away from the riser, providing a
longer path to the riser and consequently, more time for particles
to settle.

The erosion observed along Route 299 during and after the
torrential rains of the January 26,'1583 storm was severe.

The Basins at post miles 67.72, 70.66, 71.17, and 71.36 are too

small. Since their capacity to contributing drainage area ratios
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3. RECOMMENDATIONS

General Recommendations

The installation of slotted risers on inlets of existing highway
culverts to form sediment basins (or debris basins)}, is recommended
for highway cross culverts, where the attenuation of downstream
sedimentation is necessary. However, before this technique is used,
geotechnical and hydraulic reviews of each site should be performed.
Arbitrary constructiﬁn of debris basins must be avoided, because
rétention of runoff for long periods of time can saturate roaduay
embankments and cause failures [2].

Current literature and plans used in Caltrans for designing
sediment basins are listed below and are included in the Appendix.

i Caltrans Highway Design Manual "Entrance Risers™ [3].

(] Calffornié Culvert Practice "Debris Riser""Debris Basin™ [4].

@ Hydraulic Engineering Circular No.9 "Debris Control Structures™
[5].

® Caltrans Standard Plans "Drainage Inlet Riser Connections™[6].

Basins formed by installing a Eiser on the culvert entrance
should be ©properly sized to handle the runoff from their
correspcndihg‘drainage areas. As a general guideline, the ratio of
the basin capacity to drainage area of bare ground should not be less
than 40 cub?c vards per acre.

Unless they areioversized, basins should not be located where
there is no access for maintenance to remove sediment,

Undersized basins require frequent maintenance, and if plugged,

may cause roaduay flooding or embankment failure.

www . fastio.com
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The Siie, shabe} and CDingu?aEibn 6f the s8lots should be chosen

to allow rapid drainage of the basin durinp severe runoff events.
For new installatiohs; field inspettions should be wade by a
hydraulic engineer during storms tﬁ assure that sediment is being
retained. If too much sediment {5 passiny through the basin, then
 some of the slots should be plugged. )
A maintenance program of sediment removall and disposal is
recommended. .The_optihum cleanout schedule will depend on the basin
“geqmetpy. Generally, Nhﬂh_the sediment lével reaches one half the
'!depth of the slotted riser, the.basin should be cleaned out. It is
recommended that_the riser be marked at the halfuay point at the time
of insﬁallétiqp to signal tha time for c¢leanodut.
It is also recqmmended that sfdeg of the basiﬁs and the inflow
paths be vegetated to prevent local erosion and to redute scour.
| The:inflow_paths of concentrated runbff entering a sediment basin
should be routed away from the riser. This will reduce scour around
the ri;er. Baffles can be used to divert inflouw paths, to dissipate
engrgy, and to provide a circuitous route to the slotted riser. The
reduced energy and longer path will enhance sedimentation.
Further study of the size, shipey and ctonfiguration of slots is
necessary for soils other than decompdsed granite.
Sgécific Recommendations
FoE'baQins that will retain sediment similar to the decomposed
granite of the Shasta Bally Batholith, the slot sizes and
ganfigurgtion should be 1/2 inch horizontal by 6 inches vertical, v

spaced 3 inches vertically and from 10 to 15 inches horizontally.
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The area of opening in the pipe wall should be approximately five
percent per lineal foot of pipe.

The basins at post miles 70.66, 71.17, and 71.36 should be
cleaned out to approximately the original ground limits at the time
of their construction.

A field review with maintenance personnel is recommended so that
the risers can be marked at the half full points to signal that a
cleanout is needed.

Disposal sites should he designated for the sediment removed from
the basins. These sites should be envirunméntally safe and in the
vicinity of the basins to minimize hauling and other disposal costs.

A baffle should be placed in the bagin at post mile 66.69 tﬁ
dissipate inflow from the upland drainage area. The baffle ﬁould
prevent inflow from going diractly to the riser.

The flume downdrains at post miles 70.66 and 71.36 should be
exténded-or repositioned to prevent inflow from going directly to
the riser:

fhe Qize and configuration of the slots in the risers at post
miles 67.72, 70.66, 71.17, and 71.36 should be similar to thoss at
post miles 66.69, 66.75, or 66.864.

The capacity of the basin at post ﬁile 67.72 can be increased by

increasing the height of the riser.
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. 4. iMPLEMENTATION
Copies of this report uwill be sent to Caltrans Districts and
Headquarters Offices and to the Federal Highway Administration.
» This report will also be sent to other agencies upon request.
Translab will be available to assist District personnel who are

designing sediment basins.
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. 5. ROUTE 299 SEDIMENT BASINS: RESULTS

5.1 DESCRIPTYON of BASINS
Sediment basins were built aleng Route 299 By installing slotted
. corrugated steel pipe (CSP) risers on the inlets of existing
culverts. The basins were designed to prevent sandy sediment
-{decomposed granite) from drainage areas north of the highuway from
Being discharged into Little Grass Valley Creek. Slots were cut in
the risers to help draiﬁ the basins.

The basin design features and slotted riser characterisitics are
shown in Table 1. Since the basins are shaped irregularly, only the
overall dimensions are shoun. Figure A-1 in the Appendix shows some
typical contract drawings of a CSP riser extension, grading details,
debris rack, and drop inlet.

One éuideline used to approximate the size of a sediment basin is
to allow from 40 to 60 cubic yards of capacity for each acre of bare
ground in the drainage area [7 and 8]. The Route 299 basins uere not
designed according to this guideline. Instead, risers were placed
on existing eculverts and the basins were formed by grading the
surrounding areas toc drain to the risers.

The basin CAPACITY to drainage AREA RATIOS (CAR's) wWere

calculated for the seven basins studied along Route 299. These
‘ratins are shown in Table 1. Because the seoil in the study area is
decomposed granite, which is very erosive, the entire drainage area
was assumed to be bare. The CAR's for the basins at post miles
67.72, 70.66, 71.17, and 71.36 are less than 15 cubic yards per acre,

while those at post miles 66.69, 66.75, and 66.84 are greater than 50

10
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cubic vards per acre. Based on thess calculations, the basins with
small CAR's might be undersized and would probably be less efficient
in trapping sediment. The measurements of retained sediment show
that the basins with CAR's less than 40 cubic yards per acre uere
undersized. See section 5.4.1 for the discussion and results of

retained sadiment measurements.

5.2 PRECIPITATION DATA

The average annual rainfall along Route 299 in Trinity County
varies from approximately 55 inches at post mile 66 (elevation 2000)
to 75 inches at post mile 72 (elevation 3000) [9]}. Rainfall was
below normal from 1978-80 {1]1. The 1980-81 water year was
approximately_90 per cent of normal [101, while both the 1981-82 and
the 1982-83 water years were approximately 150 per cent of normal
11 and 12].

The basins wWere monitored during storms on January 17,18 and

again on January 26,27 1983. A post-mounted rain gage was used to

.record total rainfall. Periodic readings parmitted the computation

of average intensities during monitoring. Both storms lasted longer
than 8 hours with continuous rainfall. A summary of the rainfall
data is shown in Table 2.

The ground was saturated because it rained nearly every day
during the latter half of January 1983, in Northern California [13].
The recurrence interval of thé January 17,18 storm uwas 2 years,
ahile that of the January 26,27 storm was at least 100 years. The
100 vear storm caused fatalities and Nidesprgad damage throughout

Califormnia and other states [14)]. There uwere several mud slides,

12
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TABLE 2

RAINFALL SUMMARY

Rain Gage  Average Intensity
Dates Location Total Rainfall During Observations
(post mile) (inches) {inches per hour)
January’ 71.36 1.40 0.14
17 and 18,
1983 66 .84 0.64 0.03
. [danuanry 71,36 8,77 0.74
26 and 27, 70.66 8.00 0.63
1983 66,84 3.14 0.26

www fastio.com

13



http://www.fastio.com/

ClibhPDF -

road slope failures, and road closures along Route 299 in Trinity

and Shasta Counties.

5.3 HYDRAULTIC OPERATION

The hydraulic operation of the basins was monitored during the
two storms in January, 1983. Monitoring consisted of studying the
sources of sediment, drainage entering the basins, turbulence,
scour, ponded depth, areal limits of ponding, outlet flow rates, and
the operation of the slots in the risers. Photographs we?e taken of
each basin during these storms. Figures 2 through 7 show the lavout
ofleach bﬁsin and the drainage features for the January 26,27 storm.
The Appendix contains a photographic log of fhe basins from 1979 to
1983. |

The basin at post mile 67.72 was not studied. As reported in 1],
water did not pond in this basin because the slots in the riser were
too large {9 inches by 3 inches). Outlet flow.rétes and samples of
passed sediment could not be collected during the January 1983
storms, because the outlet wuas subﬁerged by Little GBrass Valley
Créek. The retention of sediment in this basin is depéndent on
chance plugging of the slots by debris.

Instantaneous flow rates wefe measured using a 5 gallon bucket.
and stopwatch at the culvert outlets, except at post mile 70.64.
Since the putlet at 70;66 was submerged, a flow rate measurement was
obtained at the slotted riser.

The basin oputlet fiou rates are shown in Table 3. The flow rates

on January 18 are typical of an annual event, those on Janpary 24 are

14
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pical of Seéepase conditions, and those on January 26 are typical
of a 100 vear (or worse) event.
The ponded depths at the risers in basins at post miles 66.69,

66.75, and 66.84 never exceeded 1.0 foot. The size, number, and

"configuration of the slots allowed rapid drainage.

The basins at post milés 70.66, 71.17, and 71.36 were already
full of sediment. a Consequently, there was no ponding.
Sediment-laden funo?f went directly to the slotted risers and passed

through the CUlverts. These risers operated as circluar weirs with

‘heads of approximately 0.1 foot to 0.3 fooct. Submerged orifice flou

was not observed.

Figuées A-26 and A-29 in the Appendix show water flowing through
the slots of the risers at post miles 71.17 aﬁd 71.36. During the
receding 529ments'xof: tﬁe storms when the basins were still
saturatgd, :there was 1ittie to no ponded water. Hater seeped
througﬁ the.fetained sgdﬁmént and passed through the slots. Water

samples were collected for total residue testing during the seepage

"cbnditipns; See Section 5.4.2, "Passed Sediment™.

Turbulence was seen in basins 66.69, 66.75, and 66.86 at the

=

inflow/pond interfaces. See Figure 2.

5.4 SEDIMENTATION CHARACTERISTICS

In addition to observing the hydraulic operation of the basins,
volumes and sizes of sediment retained in the basins were détermined
during dry periocds. Samples of sediment which passed through the

basins were collected during storms for grain size analysis.
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TABLE 3

BASIN OUTLET FLOW RATES

Instantaneous Flow Rate (ft®/S)

Post Mile Jan. 18, 1983 | Jan. 24, 1983 |Jan. 26, 1983
66.69 trace 0.001 0.22
66.75 0.02 £ 0.003 0.10
66.84 zero 0.008 0.07
70.66 no data 0.002 0.18
7.7 0.07 0.002 1.34
71.36 0.14 0.05 1.34
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“Sfﬁxl'nééainéﬁ sediment
- The volume of sediment retained in the basins was measured four
times after the slotted risers were installed in 1978. Cross
sectéoning was performed with 3 self-leveling level and Lenker rod.
Reference stakes were established at the ends of each station. The
same cross sections wuere surveyed each time, using the same
élevatiops and offsefs for_the eqd points only, so that the MULTIPLE
ROADHAY'opfiun of thé HIDES computer program could Ee used [15].
Nurmallynthe‘stakeé weré 5ét-at elevations jusf above the lip of the
slotted riser, since it was expected that the basins would £ill with
sgdiment; -In Figures 2 fhfﬁugh 7 the line labelled *SEDIMENT SURVEY
LIMIT® ﬂ;s drawn through tﬁe‘end reference Stakes.
The c;oss section notes were submitted to the Caltrans Office of
Computer sttéms and précessed Sy the HIDES earthwork computer
program us?ng the MULTIPLE ROADHAY opt{on. The average end area

method is used in HIDES to calculate fill (retained sediment) or cut

~{scour) volumes. The inftial set of cross section notes was treated

as TERRAIN. The second set of cross section notes was treated as the
TEMPLATE. In subsequent surveys, the TEMPLATE became the TERRAIN,
while the most recent set of cross section notes became the
TEMPLATE.

Table 4 shows the volumes of retained sediment for each of the
four meésurement periods from 1978 through 1983. The total volumes
of sediment accumulated during five vyears ranged from 9.9 cubic
vards at post mile 66.75 to 74.1 cubie vards at post mile 66.6%9. The

sum of the sediment volumes retained by all seven basins was 265

cubic yards.
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"fédéminént gﬁdrééé of sediment were the highway cut slopes
near post miles 66.75, 70.66, 71.17, and 71.36 for the first four
vears. At post miles 66.69, 66.84, and 67.72 the predominant
sources of sediment were the upland reacthes of the drainage aress.
The sources wuwers determined by observations during storms and by
walking the uplaﬁd reaches of thé dr;inége areas after storms.
During the 1982-83 winter the basins at post miles 71.17 and

L

71.36 received the majoritylof sediment from the upland reaches of

. the drainage areas.

Table 4 also 5hou§ thé initial capacities of the basins and the

capacities femajningHafter July, 1983,
The basins at post miles 70.66, 71.17, and 71.36 are full of
sediment. See Figures A-24, A-28, and A-33 in the Appendix. These

basins need to be cleaned out to approximately the original limits

of excavation. After thé basins are cleaned out, the risers should

be marked at a point halfway from the ground to the riser lip to

signal the next cleanout. '

The basins at post miles 66.69, 66.75, 66.84, and 67.72 uill not
need to be ;1eéned out yet. However, the basins at post méles 66.69
and 67.72 are losing sediment périodically. The riser at post mile
67.72'5h0u1d bé replaced with one that has smaller slots, like those
at post mile 71.36. G5ee Tablé 1. At post mile 66.69 a baffle is
needed to disgipafe infiow from the upland reach of the drainage
area.' Without a baffle, inflowing sediment éoes d%reétl& to the
riser and can hass th}ouéh the slots. Figufeg A-6 through A-8 in the
Appendix show -the unobstriicted flow path from the upland reach of

the drainage area to the slotted riser.
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Samples of retained sediment were collected for grain size
analysis at various locations in the basins. In Figures 2 through 7
the locations where the samples were collected are plotted. The
grain size cturves are in the Appendix, Figures A-2 through A-6,

Table 5 p}esents the so0il classification of the retained

sediment. The particle size ranges are based on the M.I.T.

‘classification, except that the upper limit for the gravel-size

particles was actually three inches instead of five millimeters
[16]. The upper limit of three inches for gravels is based on the
Unified Soil Classification System [17].

The adjective in the name of the s0il sample represents the size
range uwith the second highest percentage of particles, while tﬁé
noun represents the size range with the highest percentage of
particles. Because the soil is decomposed granite with little or no
organic content and no plasticity, it is appropriate to call the
"clay™ range, "clay-size"”,

Most of the retained sediﬁent is whitish, well graded, gravelly
sdand, with no cohesion and a texture like granulated sﬁgar. Gravel
larger than 3/6-inch was not transported to the basins. Silt-size
particles were deposited near and in the low spots of the basins.
Because there is cyclic removal and deposition of sediment within
the basins, silt and clay-size sediment can be covered By or mixed
Wwith sands and gravels. Even though the-slots are much larger than
the sediment, a bridged network of sediment can form at the slots.
However, the bridged network of sediment can be dislodged, and
sediment as large as the smallest dimension of the slot can pass.

See Section 5.4.2 for the discussion of "Passed Sediment™.
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In Figures 2 through 4, 4 and 7, the low spots are.not at the
sfbtted risers. As sediment deposits near the risers, a fan
develops, and the low spot migrates away from the riser. When the
low spot is not at the riser, more time is available for
sedimentation. Because the sediment is mostly sand, any water in

the basins infiltrated rapidly or seeped to the riser and drained

through the slots,

5.4.2 Passed Sediment

Samples of sediment-laden runoff which péssed through the basins
were collected in 5 gallon buckets at the culvert outlets during the
two January storm periods. The buckets were placed before the
storms and were collected after rainfall ceased. The outlet was
submerged at post mile 70.66 by high water in Little Grass Valley
Creek. Consequently, no sample was collected there during the
January 26,27 stornm.

Grain size curves of the paésed sediment are included with the
grain size curves of retained sediment in Figures A-2 through A-4 in
the Appendix.

Table 6 present% the so0il classification of the passed sediment
samples. The rules used for classifying and naming the samples qf
passed sediment were the same as thosa for the retained sediment,

The sediment that passed throuoh was sandy gravel, gravelly sand,
and silty sand. Because the samples uware not collected continuosly
at frequent intervals of volume or time, the total amount of
sediment uhéch was discharged to Little Brass Valley Creek was not

talculated. However, based on the measurements of retained sedimeﬁt
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. and the observations during the storms, it appears thét the amount
| of passed sediment is much 1less than the amount of retained
sediment.
The bridged network of sediment at the slots can be dislodged by
. inflows which go directly to the riser. Consequently, sediment
particles as large as the smallest dimension of a slot can pass
through. Generally during low flows there is not enough energy to
dislodge the interlucked‘particlgs of sediment. Figure A-18 in the
Appendix shows scour adjacent the riser at post mile 66.84. In
addition, concentrated inflows can scour sediment already deposited
in the basins. Figure A-8 in the Appendix shouws a scoured inflow
path at post mile 66.69.

Because the basins at post miles 70.66, 71.17, and 71.36 uere
full of sediment, particles as large as the . culvert diameter could
pass. However, since the sediment was mostly sand, only an
occasional 3/4-inch gravel particle passed through. Sediment
larger than 3/74-inch was not found in the basins.

Some samples were collected at the culvert outlets for total
residue testing. fable 7 displays the results of total residue
tests, instantaneous outlet flow rates, and the instantaneous rates
of sediment discharge. The samples collected on January 24, 1983
did not cont;in sediment particles larger than 297 micfons. This
was verified by holding a US 50 sieve (297 microns) at the culvert
outlet. These samples characterize flow through the slots during
seepage conditions in the basins, except as noted in the "Remarks™

column.
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TABLE 7

" PASSED SEDIMENT, TOTAL RESIDUE

www fastio.com

N I.;.[_U“itg&t . | Total Rate of ,
Post Mile| Date | mq(./__s.a-te . Residue Sediment Discharge*| Remarks
- (1983} | o mg/1 ma/s | pound/s
66.69 fJan. 24 ¢.0228 185 §.22 E‘ 9.3x107% Steady, seepage flow
66.75 | Jan. 24 | G.0847 55 4.63 | 1.02x10°% | unsteady seepage
. H ‘ ftew, 3-10 secand
; surges
66.84 | dan. 24 | 0.0808 172 . 6.85 [ 1.§1x10°% steady, seepage flow
T 70.66 | Jan. 24 | .05 W8 | 6.5 | 1.36x107° | steady, seepage flow
71.37 [ Jan. 24 | 0.0675 152  10.30 REX NN steady, seepage flow
7.3 |dan. 24 | 135 W | g2, }9.27x107% | steady, seepage flaw
: o : . over riser Tip
© 70.66  Jan. 26 | 5.05 2670 ; 13,484 22.973:1'&' z near peak runoff,
‘ B ; flow aver riser lip
66.69 | Jan. 26 . 6.309 162 12022. ? Z2.25x10°% near peak runaff,
: | - } [ reddish brown silt
66.60 | Jdan. 26 | 0.742 s | 83.8 [ 1.85x10™% | receding runoff
*Instantaneous.
31
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Sediment smaller than 297 microns i5 part of the wash load. The
wash load is t?ansported dounstream and is not'retained in the
gravel spauning beds.

Three total residue 5amplgs were collected on January 26, 1983 at
post miles 66.69% and 70.66. The "Remarks™ in Table 7 state that tuo
of the samples uere collected near peak runoff. The last entry in
Table 7 is typical of receding runoff. At post mile 66.69 the
sediment was sandy gravel mixed with a reddish brown silt, unlike

the sedimeht at the other basins.,
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Figure A-11, Site 2 Post Mile 66.75
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Figure A-12 Site 2 Post Mile 66.75
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Figure A-17, Site 3 Post Mile 66.84
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Figure A-18, Site 3 Post .Mile 66.84
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Figure A-19, Site 4 Post Mile 67.72
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Figure A-20, Site 4 Post.Mile 67.72
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Figure A-21, Site 5 Post Mile 70.66
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Figure A-24, Site 5 Post Mile 70.66
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A-28-2
6/83

Sediment passed
over riser lip

A-28-1
6/83
Scour from
upland flow

A-28-3
6/83
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A-29-1

2/21/80
Before a
storm

A-29-2

2/21/80
After storm,
runoff passing
through siots
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A-30-1
1/18/83
2 year storm,
most of runoff
bypassed dike
and went down
unpaved road

A-30-2
1/18/83

A-30-3

1/18/83
Runoff from
flume downdrain
going directly
to riser

Figure A-30, Site 7 Post Mile 71.36
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A-31-1
1/24/83
Upland source

of sediment

A-31-2

1/24/83
Scour from
highway runoff

Figure A-31, Site 7 Post Mile 71.36
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A-32-2
1/27/83
Sediment fans
and scour from

upland

A-32-1
1/26/83

Near peak of

100 year storm

A-32-3
1/27/83
Upland scour
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A-33-1
6/83
Highway cut
slope upstream
of basin

A-33-2

6/83
Unpaved road
adjacent basin

A-33-3
6/83
Basin full

Figure A-33, Site 7 Post Mile 71.36
69



http://www.fastio.com/

k ¥
3
k

ClihPDF - wyw.faslio.com


http://www.fastio.com/

(BLANK PAGE)
¢ A
.

70

ClihPDF - www .fastio.com


http://www.fastio.com/

¥7-821.8
April 2, 1979

i

HIGHWAY DESIGN MANUAL

(a) is or will be 25 feet or more in height from the
natural bed of thé stream or watercourse at the
downstream toe of the barrier, as determined by
the department, or from the lowest elevation eof
the outside limit of the barrier, as determined by
the department if it is not across a stream channel
or watercourse, to the maximum possible water
storage elevation or (b) has or will have an im-
pounding capacity of 50 acre—feet or more.

“6003. Any such barrier which is or will be not in
excess of 6 feet in height, regardless of storage
capacity, or which has or will have a starage capaci-
ty not in excess of 15 acre-feet, regardless of
height, shall not be considered a dam.”

7-821.8 Debris and Detritus
There are two solutions to these problems:

(a) Retain solids upstream from the entrance, or

{b) Pass them through the culvert.

If economically feasible, every effort should be
made to pass the debris and detritus through the
culvert. Culvert design which passes debris often has
a higher construction cost. On the other hand, retain-
ing solids upstréam from the entrance by means of a
debris control structure often involves substantial
maintenance cost. An economic comparison should
be made to determine which method of handling
should be used. I it is not economical to pass the
debris, the solids should be retained upstream from
the entrance by means of a debris contrel structure.

The FHWA Hydraulic Engineering Circular No. 9,
“Debris-Control Structures”, is a guide that shows
types of debris control structures and provides a

guide for selecting the type of structure suitable for
various debris classifications.

If drift and detritus are retained upstream, a riser
or chimney may be required. This is a vertical exten-
sion to the culvert which provides relief when the
main entrance is plugged. The increased head should
not be allowed to develop excessive velocities or
cause pressure which might induce leakage in the
culvert.

If debris control structures are used, access shall be
provided for maintenance equipment to reach the
site.

7-821.9 Enirance Design

The size and shape of the entrance are among the
factors that control the level of ponding at entrance
just as the capacity of a culvert is affected by the
velocity head and the entrance losses. Devices such
as rounded or beveled lips or an expanded entrance
help maintain. or utilize the velocity of approach,
increase the culvert capacity, and may lower costs by
permitting a smaller sized culvert to be used. The
FHWA Hydraulic Engineering Circular No: 13 titled
“Hydraulic Design of Improved Inlets for Culverts”
is u good guide for selecting inlet geometry to im-
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prove culvert performance.

The design charts in the FHWA Hydraulic Engi-
neering Circulars No. 5 and 10 account for entrance
losses for various heads based on the entrance types
stated therein. For entrances not covered by these
charts, Hydraulic Engineering Circular No. 13 re-
ferred to above may be used. In transition structures
designed to maintain the velocity of approach, the
entrance loss is the head loss in the transition.

Except for transitions, the entrances discussed be-
low are the types most frequently used and can be
provided at reasonable costs.

(1} Rounded Lip Entrance. This treatment costs
little, smoothes contraction, increases culvert capaci-
ty, and reduces the level of ponding at entrance.
Consequently, the standard plans for box culverts
show a rounded lip at the top and sides for straight
headwalls on a skew or normal to the culvert axis,
and a rounded lip only at the top for flared wingwalls.
The rounded lip is also required for culverts 48
inches in diameter or larger. For diameters less than
48 inches the initial corrugation of annular corrugat-
ed metal pipe and the beveled groove end of con-
crete pipe, when placed at entrance, produces an
effect similar to that of a rounded lip.

(2) Expanded  Entrances. Headwalls  with
straight flared wingwalls or warped wingwalls offer
a more highly developed enirance appropriate for
large culverts, regardless of type or shape of barrel.
The effect of such entrances can be approximated
more economically by a shaped entrance using air
blown mortar, concreted riprap, sacked concrete or
slope paving.

Straight flared wingwalls and warped wingwalls
aid in maintaining the approach velocity, align and
guide drift, and funnel the flow into the culvert en-
trance. To insure enough velocity to carry the drift
and detritus through the culvert or to increase the
velocity and thereby increase the capacity, a sloping
drop down apron at the entrance may be used. To
minimize snagging drift, the standard plans require
wingwalls to be flush with the culvert barrel. The
flare angle may range from 30 to 75 degrees; the
exact angle is based on the alignment of the ap-

.proach channel banks and not the axis of the culvert.

Greater efficiency is obtained when the wingwalls
correspond in height with the top of the headwall at
their junction with the headwall.

Whether warped or straight flared wingwalls are
used depends on the shape of the approach channel.
Straight flared wingwalls are appropriate for well
defined channels with steep banks. Warped wing-
walls are more suited to shallow trapezoidal ap-
proach channels.

Usually it is more economical to transition
between the stream section and the culvert by
means of straight fiared wingwalls or warped wing-
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walls than to expand the culvert barrel at entrance.
For a very wide channel, this transition may be com-
bined with riprap, dikes, or channel lining extending
upstream to complete the transition.

(3) Transitions. Elaborate  transitions and
throated openings for culverts may be warranted in
special cases. Generally a highly developed entrance
is unnecessary if the shape of the culvert fits the
approach channel. In wide flat channels where pond-
ing at entrance must be restricted, a wide shallow
structure or multiple conduit should be used if drift
and debris is not a problem.

Throated or tapered barrels at entrance are more
vulnerable to clogging by debris. They are not eco-
nomical unless they are used for corrective meas-
ures; for example, where there is a severe restriction
in right of way width and it is necessary to increase
the capacity of an existing culvert structure.

{4) Entrance Risers. At alocation where the cul-
vert would be subject to plugging, a vertical pipe
riser should be provided as a supplement to the cul-
vert entrance. For high fills, a relief riser usually

"should be provided as a safety measure. See FHWA

Hydraulic Engineering Circular No. 9, “Debris-Con-
trol Structures”.

7-821.10 OQuilet Design

Improved culvert outlets are designed to restore
natural flow conditions downstream. Qutlets should
be carefully scrutinized for conditions..which pro-
duce scour. Where progressive erosion is to be ex-
pected, corrective measures such as bank protection,
vertical flared wingwalls, warped wingwalls, transi-
tions, and energy dissipators may be considered. See
“Bank and Shore Protection in California Highway

Practice”, FHWA Hydraulic Engineering Circulars .

No. 11, “Use of Riprap for Bank Protection”, and No.
14, “Hydraulic Design of Energy Dissipators for Cul-
verts and Channels™, and “Hydraulic Design of Still-
ing Basins” by the U. 8. Department of Interior,
Bureau of Reclamation, 1964. When dealing with ero-
sive velocities at the outlet, the effect on downstream
property should also be evaluated.

Wingwall flare angles should be carefully selected
to prevent embankment scour from eddy action at
the ends of the wingwalls. Both types of wingwalls
should be flush with the culvert barrel and flared at
an angle appropriate to the lines of the flow, particu-
larly at high discharge velocities.

7-821.11 Headwalls and Other End Treatments

(1) General Requirements. The need for culvert
headwalls or other structures, at either entrance or
outlet, should be based on the physical, hydraulic,
safety und aesthetic conditions peculiar to the site. As
Index 7-821.9 covers rounding and other more so-
phisticated entrance treatments, the ensuing discus-
sion covers the use of prefabricated flared end
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sections, headwalls, and wingwalls.

(2) Flared End Sections and Headwalls. Flared
end sections or headwalls may be required at the
entrance for these reasons:

{a} For hydraulic efficiency.

(b) To prevent a flow outside the culvert barrel in
pervious backfill materials.

(¢) To prevent erosion of steep ermbankment
slopes due to a frequently recurring headwa-
ter pool.

(d) Acting as a counterweight, a headwall helps to
prevent flotation at the entrance of culverts
caused by plugging of the opening and the
resulting ponding.

(e} Where the culvert is exposed to view.

Headwalls or flared end sections should be used on
all culverts under the above conditions and are re-
quired for culverts with diameters greater than 60
inches and for pipe arches of equivalent size. For
these large culverts, the half-height (Type C) pipe
headwall or flared end sections constitute the mini-
mum end treatment.

For hydraulic reasons, flared end sections and
headwalls are not required at entrance under the
following conditions:

+ For intermittent, low velocity flows where head

conservation is not important.

+ Where the design discharge is insufficient to fill

the opening of a minimum size pipe.

Although it may be unnecessary to place end treat-
ment at culvert outlets for hydraulic reasons, aesthet-
ic or safety considerations may dictate their use.
Headwalls, flared end sections, or other protection
such as rock slope protection is essential, regardless
of culvert size, where a degrading channel may un-
dermine the culvert or erode the embankment. Sec-
tional pipes are particularly vulnerable to disjointing
under these conditions. Whenever erosive or exces-
sive velocity conditions are encountered at an outlet,
it may be necessary to use an energy dissipator in lieu
of headwalls, wingwalls or flared end sections. Before
an end treatment is considered, the effects of the
discharge on both the outlet structure and the down-
stream property must be evaluated.

Acceptable end treatments are described as fol-
lows:

« Flared End Sections—As they provide better ap-
pearance, a safer roadside and an effective en-
trance, prefabricated flared end sections shall be
used in lieu of headwalls whenever feasible.
Flared end sections should be provided at both
entrance and cutlet where embankment slopes
are flatter than 2:1. The pipe must be extended
when used in conjunction with flatter slopes.
Flared end sections lend themselves well to
situations calling for fill widening.

o Straight Headwalls—For safety and aesthetic
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FIGURE 17. Typical small culvert failure caus

1;!-001—50-4\

ed by doposition of detritus and light floating

.debris at culvert entrance dus to abrupt giade break st roadway gutter.

out completely shutting off the entry
of water into the culvert. (Fig. 18.)

Where the open crib type is used as
a riger in anticipation of a considera-
ble depth of detritus, as in a debris
hasin, it should be built well above
the estimated height of deposit on
thé culvert entrance, with provision
for further inerease in height as re-
quired. (PFig. 19.)

Debris Riser

‘In mountainous terrain involving
high embankments, a common drain-
age practice requires the location of
a culvert in the bottem of a waterway
which places the eulvert entrance in
the lowest part of a debris basin sus-
ceptible to rapid filling with flowing
detritus. '

“At such locations it is essential that
the: muck be kept from entering and
clogging the culvert entrance, A sue-
cessful solution to this problem re-
quires a vertical-riser of perforated
conistructiori either of pipe, timber, or

73

convrele, placed directly over the cul-
vert entrance. PPerforations or open-
ings in the riser should be large
enough to permit entry of water and
small enough to exelude entry of muck.
The barrel or chimney should be car-
ried well above any anticipated de-
posit and increased in height as
negessary. (Fig. 24.)

Debris Basin

In certain monntainous areas of
easily eroded materials, particularly
graiitie materials, with steep slopes
and heavy run-off, it has been found
to be economieally impractical to pro-
vide a culvert large enough to safely
earry surges of flowing detritus,

The perforated debris riser as an
expedient solution prevents clogging
of the cuivert entrance at a eritieal
period when the debris basin is fill-
ing with a suorging heterogeneous
mass of muck, rock, and debris from
surface acenmulations, The basin sim-
ply acts as a reservoir to store the
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flowing detritus until it can be de-
watered by the perforated debris riser
and later removed under periodic
maintenance operations,

Under certain conditions, the debris
riser may be progressively built up
and an extensive debris table formed,
which will be self-sustaining to a
greater extent year by year, finally
depositing its load at a safe distance
above the culvert entrance,

Debris Spillway

The most serions losses of embank-
ment were found to have oceurred in
mountainous areas throughout the
State where debris basins proved in-
adequate, resulting in water overflow-
ing the roadway embankment eausing
complete washouts.

The investment in heavy embank-
ments acrosy the ravines encountered
in rough terrain definitely warrants
not only ample principal drainage,
but the development of auxiliary
drainage facilities as w factor of
safety,

The debris spillway, as an adjune
te the debris basin, is considerced by
the committes to be one of the fare-
most  improvements in  California
drainage practice developed  subse-
quent ta the 1938-40 srorms—uotably
on the Angeles Crest Highway east of
La Canada in Los Augeles County,
(17} (Iigs. 25.27)

As pointed ont in the previous chap-
ter on comparative hydrology, the
storm of 100-yr  frequency  oceurs
every veatr at scattered places in Cali-
fornia: and when it does ocenr, the
damage is usually serious. The ex-
pense of providime against  heavy
damage from even the 100-ve fre.
quency storm is relatively small.
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Htz BTR VI-1LA-G1-B
FIGURE 24, Metal debris riser placed over
culvart antrance in debris basin. Note provi.
siohs for extension when debris basin has
filted to such an extent aa to cause deposition

of most of the dotritus bafore It reaches the
riser,

The ecombination debris basin —
spillway plan of drainage—eonsists
of a debris hasin provided with a cul-
vert and riser for normal drainage,
supplemented by auxiliary drainage

Hfaellities wherein Hlowage into the

readbed from an overtaxed debris
baxin is confined inside the shoulder
dykes and tlows down the channelized
roadbed nutil a safe and natural
place is found to spill the water from
the rondway.

Pebris basin spillways should be
lined %o as to be capable of resisting
erasion. In many ecases on grades,
these spillways may be several hun-
dred feet from the debris basin origi-
nating the How.

Dvkes and spillways, to be suecess-
ful, must neeessarily he construeted
on an adequately large seale plan,
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